Characters used to diagnose the subfamily Metrodorinae (Bolívar, 1887) (Orthoptera: Tetrigidae) are largely variable or homoplastic. Relevant traits used to distinguish amongst subfamilies of Tetrigidae, including sensorial structures, mouth parts, and genitalia are not present in any description of representatives of the subfamily Metrodorinae. The identity of Metrodorinae remains thus at stake. Aiming to fill the current lack of knowledge, a complete anatomical description of adult and last instar nymphs of Allotettix simoni (Bolívar, 1890) is provided. Allotettix simoni is a controverted taxon, originally described in the genus Paratettix and subsequently synonymized with Allotettix peruvianus. The revision of type specimens revealed that A. simoni and A. peruvianus are different species. As neither keys nor descriptions of nymphs of Neotropical Tetrigidae exist, A. simoni nymphs were identified comparing mitochondrial sequences of the cytochrome c oxidase subunit I (COI) gene with adult specimens. The anatomical description of A. simoni expanded by comparisons with material of Metrodora sp. nov., revealed that the subfamilies Metrodorinae and Tetriginae are morphologically very similar, whereas molecular analyses of the COI data set do not support the monophyly of the subfamily Metrodorinae with respect to Tetriginae. Consequently Metrodorinae might not represent an independent entity with respect to Tetriginae.
INTRODUCTION
The subfamily Metrodorinae (Bolívar, 1887 ) (suborder Caelifera, family Tetrigidae) presents a predominantly tropical distribution, appearing in South-East Asia, Australia, Africa, and Central and South America (Otte, 1997; Deng, Zheng & Wei, 2009; Eades & Otte, 2010) . It is mainly characterized by having the median ocellus and the antenna placed below the eyes, a relatively small divergence of the rami of the frontal costa not forming a frontal scutum, and a similar length of the first and third segments of the hind tarsus. Many species of Metrodorinae also exhibit the posterior angles of the lateral lobes of the pronotum produced outwards often becoming acutely spinose. All these characters together separate the subfamily from the other eight subfamilies of Tetrigidae, although none of them is enough to characterize Metrodorinae by itself (Bolívar, 1887; Hancock, 1899; Bruner, 1910) . Information about internal male genitalia and sensorial structures, which have been useful for distinguishing amongst other subfamilies of Tetrigidae (Bland, The identification of many of the Neotropical species of Metrodorinae is problematic because of the absence of keys at the species level. The original descriptions of species are brief, often imprecise, and do not include nymphs. Nymphs are morphologically very different from adults, thus rendering identification of nymphs impossible in most cases. Probably as a consequence of all these problems, there have been few studies of the biology, geographical distribution, phylogenetic relationships, and ecology of the species of the subfamily (Paranjape, Bhalerao & Naidu, 1987; Pérez-Gelabert, Hierro & Otte, 1998; Eades & Otte, 2010) .
The short and far from exhaustive original descriptions of members of Metrodorinae have also resulted in some taxonomic problems. One example is the confusion between the genus Allotettix Hancock, 1899 (subfamily Metrodorinae), endemic to the Neotropical Region, and the genus Paratettix Bolívar, 1887 (subfamily Tetriginae), a nearly cosmopolitan taxon (Hancock, 1899; Eades & Otte, 2010) . The external morphology of the species of Allotettix is very similar to that of the species of Paratettix, in spite of being included in different subfamilies. Externally, its segregation is based on the relative length of the first and third segments of the hind tarsus, which is the only diagnostic character to effectively separate Metrodorinae from Tetriginae (Bolívar, 1887; Hancock, 1899) . Most of the species of Allotettix were described originally within the genus Paratettix (Hancock, 1899) , but not all the American species of the genus Paratettix that might be included in the genus Allotettix have been revised. In addition, some species of Allotettix had been placed in synonymy without enough discussion (Roberts, 1937; Günther, 1939) .
One of the taxa that has suffered the consequences of the two above-mentioned problems is the Venezuelan species originally described as Paratettix simoni Bolívar, 1890 . This species was placed in synonymy with Allotettix peruvianus (Bolívar, 1887) by Roberts (1937) , without examination of the type material of either species. Allotettix peruvianus is apparently distributed over a large portion of Central and South America, having thus the widest geographical distribution of the family Tetrigidae in the Neotropical Region (Bolívar, 1887; Bruner, 1900; Rehn, 1904 Rehn, , 1905 Rehn, , 1916 Rehn, , 1918 Hebard, 1924 Hebard, , 1933 Roberts, 1937; Eades & Otte, 2010) . Nevertheless, Buzzetti & Devriese (2007) questioned the identification of some of the specimens of A. peruvianus on which the current distribution of the species is based.
The usefulness of diagnostic characters to separate the subfamily Metrodorinae from members of the subfamily Tetriginae, e.g. the relative length of the first and third segments of the hind tarsus, and the potential diagnostic value of genital and sensorial structures, needs to be evaluated. For this purpose we performed molecular and morphological analyses on selected species of the morphologically similar genera Allotettix and Paratettix. As American representatives of the subfamily Metrodorinae have only been characterized by short diagnoses, we felt it necessary to perform a complete anatomical description, including last instar nymphs, that can be used for future reference. The species of Metrodorinae that we selected for this morphological study is one of the controversial taxa synonymized by Roberts (1937) . Therefore, the description will serve two additional purposes, to provide (1) the first complete description of adult and last instar nymph of a species of Allotettix, and (2) the morphological redescription of a controversial taxon. Prior to the morphological description it was necessary to perform (1) a molecular test to assign final instar nymphs to the appropriate species and (2) a taxonomic study, including the revision of the type material of the taxonomically problematic species, namely A. peruvianus and A. simoni.
The purposes of this work were (1) to clarify the taxonomic status of A. simoni; (2) to determine the utility of the characters used to diagnose the subfamily Metrodorinae using morphological and molecular information; and (3) to provide a precise description of the adult and the last instar stage of a species of the subfamily Metrodorinae, Allotettix simoni.
MATERIAL AND METHODS

MATERIAL EXAMINED
We studied the types of the species originally described as Paratettix peruvianus Bolívar, 1887 and Paratettix simoni Bolívar, 1890 (Figs 1, 2) . These type specimens are located in the collection of the Museo Nacional de Ciencias Naturales (MNCN; Madrid, Spain). We studied 31 specimens (23 adults and eight last instar nymphs) morphologically assignable to P. simoni, from the cloud forest of the Henri Pittier National Park (Venezuela) (Museo del Instituto de Zoología Agrícola, MIZA; Universidad Central de Venezuela, Maracay). In addition, the molecular study included one specimen of a new species of the genus Metrodora Bolívar, 1887 from the same locality in Venezuela, specimens of Depresotetrix depressa Brisout de Barneville, 1848, Paratettix meridionalis Rambur, 1838, and Tetrix ceperoi Bolívar, 1887 sampled in different localities of the Iberian Peninsula (Spain), and specimens of Paratettix pullus Bolívar, 1887 from Guam (Mariana Islands). These specimens were collected by hand, transferred into 99% ethanol, and preserved at-20°C (Table 1) .
SYSTEMATICS OF ALLOTETTIX SIMONI 53 IDENTIFICATION OF SPECIMENS
Problematic specimens from Metrodorinae were identified using the keys for identification of genera of Hancock (1907) and Bruner (1910) . Original descriptions of genera published after 1910 were also checked. Subsequently, all the original descriptions of the species of Allotettix and Metrodora were revised. Descriptions of American Paratettix were also consulted.
Identification of Metrodorinae nymphs was completed using molecular data. Partial sequences of 637 bp of the cytochrome c oxidase subunit I (COI) gene were sequenced from all 32 Venezuelan specimens. DNA was isolated from the thoracic muscular tissue by dissection under a stereomicroscope and extracted with a ChargeSwitch gDNA Micro Tissue Kit (Invitrogen Corporation, Carlsbad, California, USA). The amplification was obtained by PCR (Saiki et al., 1988) . The following primers were used: COI-H (Machordom et al., 2003) and LCO1490 (Folmer et al., 1994) . PCR took place in 25 ml including 0.5 U of Taq polymerase (Biotools B&M Labs. S.A., Madrid, Spain), 0.4 mM of each of the primers, 0.1 mM of each of the four deoxynucleotide triphosphates, 2.5 ml of reaction buffer with 2 mM of MgCl 2 (10¥ standard reaction buffer, Tris-HCl, pH = 8.3, Biotools B&M Labs. S.A.) and ª 20 ng of template DNA. PCR amplification was performed in a thermocycler Techne PHC-1 (Techne Corporation, Cambridge, UK). The PCR programme included an initial step of 180 s at 96°C, followed of 40 cycles of 30 s at 94°C, 60 s at 44°C, and 60 s at 72°C. Reactions were terminated with a 7-min final extension step at 72°C. PCR products were precipitated using sodium acetate and ethanol and then re-suspended in 22 ml double-distilled H 2O. Sequencing reactions were performed using both strands in standard conditions and sequenced on an ABI PRISM 3700 DNA sequencer (Applied Biosystems, California, USA), following the manufacturer's instructions. Sequences were compiled and manually aligned using SEQUENCHER 4.2.2 (Genes Codes Corporation, Ann Arbor, Michigan, USA). Pairwise comparisons of observed proportional sequence divergence (p-distance) (not shown), were obtained using the computer program PAUP*4.0b10 (Swofford, 2002) . GenBank accession numbers for the sequences obtained are indicated in Table 1 . Felsenstein, 1981) and Bayesian inference (BI; Huelsenbeck & Ronquist, 2001) analyses. The best-fitting substitution model for the nucleotide matrix was determined through the Akaike information criterion (Akaike, 1974) implemented in ModelTest 3.7 (Posada & Crandall, 1998) .
The general time reversible model of evolution with gamma parameter and proportion of invariable positions (GTR + G + I) was used for ML and BI analyses. ML analyses were performed using PAUP*4.0b10 (Swofford, 2002) , with 1000 bootstrap replicates to assess the stability of internal branches in the resulting topologies. BI analysis was performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) . Analyses were initiated with random starting trees and run for 2 000 000 generations sampled every 100 generations. The convergence of the analyses was determined with TRACER 1.4 (Rambaut & Drummond, 2007 ) discarding thereafter 10% of generations. Robustness of the observed clades was assessed with Bayesian posterior probabilities.
MORPHOLOGICAL DESCRIPTIONS
Redescription of A. simoni was based on the examination of the types and 31 specimens: 23 adults (12 ǩǩ and 11 ǨǨ) and eight last instar nymphs (5 ǩǩ and 3 ǨǨ). A Nikon DS-Fi1 camera connected to a stereomicroscope was used to examine, dissect, and take measurements of the specimens. Measurements obtained were: body length (from the anterior part of the vertex to the apex of the pronotum), maximum length of the pronotum, maximum length of the elytra, and length of the hind femur (along its external face, from the joint with the trocanter to the distal extreme of the femur). Drawings of adults and nymphs were obtained with a camera lucida. The study of male genitalia was possible after immersing the abdomen in a solution of 10% KOH for 15 h. Four adults (2 ǩǩ and 2 ǨǨ) and two nymphs (1 ǩ and 1 Ǩ) were examined with an environmental scanning electron microscope (Philips Quanta 200), taking photomicrographs of the structures. We follow the terminology of the work of Devriese (1996) and the terms established by Failla (1970) , Bland (1991) , Devriese (1991), and Podgornaya (2003) for the head, sensorial structures, pronotum, and male genitalia, respectively.
RESULTS
MORPHOLOGICAL STUDY OF TYPE SERIES
The type series of A. peruvianus, which was originally described as Paratettix peruvianus, is composed of two dried preserved specimens (syntypes, see París, 1993 ) (Figs 1, 2): one adult female labelled 'Pumamarca Perú' (white label; hand-written) // 'Paratettix peruvianus Bol.' (pink label; hand-written) // 'sintipo' (red label; typed) // 'MNCN Cat. Tipos N°76' (red label; typed); and one adult male labelled: 'sintipo' (red label; typed) // 'MNCN Cat. Tipos N°77' (red label; typed). The type series of P. simoni is composed of two dried preserved specimens (syntypes, see París, 1993) (Figs 1, 2): one adult female labelled: 'Colonia Tovar E. Simon 1.11.88' (white label; typed); 'Paratettix simoni E. Simon' (white label; hand-written) // 'Paratettix simoni Bol.' (pink label; hand-written) // 'sintipo' (red typed label) // 'MNCN Cat. Tipos N°119' (red label; typed); and one adult female labelled: 'Colonia Tovar E. Simon 1.11.88' (white label; typed) // 'sintipo' (red label; typed) // 'MNCN Cat. Tipos N°120 (red label; typed).
Specimens of the type series of P. simoni differ consistently in several morphological characters from those of P. peruvianus (Figs 1, 2). Specimens of P. peruvianus are more elongated; the tip of the pronotum greatly surpasses the posterior end of the hind femora; the length of the pronotum is four or five times the distance between humeral angles of the pronotum; wings reach the tip of the pronotum or slightly surpass it. Specimens of P. simoni are more robust; the tip of the pronotum slightly surpasses the posterior end of the hind femora; the length of the pronotum is about three and a half times the distance between humeral angles; wings do not surpass the tip of the pronotum. In addition, lateral lobes of the pronotum are slightly rounder in the specimens of the type series of A. peruvianus. The inferior carinae of the pronotum are only present in the types of P. simoni. The margins of the middle femora are straight in the specimens of A. peruvianus and undulate in the specimens of P. simoni. The antegenicular and genicular teeth of the hind femora are more prominent in the specimens of P. simoni (Fig. 1) .
Differences between type specimens are consistent and correspond to characters commonly used to differentiate species across genera of Tetrigidae (Bolívar, 1887; Hancock, 1907; Llorente & Presa, 1981; Ortega & Márquez, 1983; Zheng, 2005) and Metrodorinae (Bolívar, 1887; Hancock, 1899 Hancock, , 1907 Günther, 1939; Deng et al., 2009) . Therefore, we consider that A. peruvianus and P. simoni represent two different species (see Discussion).
The genus Allotettix was originally characterized by: 'Body rugose, tuberculate, face oblique, as seen in front, narrow. Vertex narrower than an eye, middle carinate, sulcate on either side, the crown very short, the vertex on a higher plane than the occiput, which slopes backwards, and in front not advanced to the anterior border of the eyes; in profile not visible. Anteriorly subtruncate, passing laterally into little short convexed flexures. Eyes prominent. Frontal costa narrowly divided. Antennae inserted a little below the anterior inferior border; filiform rather short, consisting of fourteen articles, the superior ocelli scarcely perceptible in profile in the middle of the anterior border of the eyes. Pronotum depressed, truncated in front, strongly prolongated posteriorly, ending in a sharp apical process, median carina scarcely elevated, humeral angles obtuse, posterior median lobule of lateral lobes feebly developed, the subhumeral sinus shallow, the posterior angle directly obliquely downwards and backwards. Elytra elongate. First and third segments of the hind tarsus are about equal in length (Hancock, 1899) . Paratettix show the same diagnostic characters as Allotettix, except for the first and third segments of the hind tarsus, whose length is not equal (Bolívar, 1887; Hancock, 1899) . The type specimens of P. simoni present all the diagnostic characters of the genus Allotettix, including the equal length of the first and third segments of the hind tarsus. As a result, we consider that the specimens of P. simoni are really members of the genus Allotettix as implicitly stated by Roberts (1937) . Thus Bolívar's (1890) species is now transferred formally to the genus Allotettix in the following combination: Allotettix simoni (Bolívar, 1890) comb. nov.
The Venezuelan specimens of the genus Allotettix from the Henri Pittier National Park sampled in this work present the diagnostic characters of A. simoni. Consequently, we identified them as members of this species. However, some of these specimens are more stylized, the length of the pronotum being four and a half times the distance between the humeral angles. Therefore, the length of the pronotum is variable in A. simoni.
MOLECULAR CHARACTERIZATION AND PHYLOGENETIC RELATIONSHIPS
We analysed partial sequences of the mitochondrial gene COI of 46 specimens of Tetrigidae (Table 1) . Nucleotide frequencies in the COI sequences were: 32.96 % adenine, 18.20 % cytosine, 15.85 % guanine, and 32.99 % thymine. Sequences from specimens of a single species diverged between 0.0 and 1.4 % (T. ceperoi) . Divergence between sequences of species of the genus Paratettix was 13.7 %. The matrix of molecular characters includes 257 informative positions. According to Akaike's criteria, the model of DNA substitution that the sequences are best adjusted to is GTR + G + I, with the proportion of invariable positions I = 0.4676, and heterogeneity in the rates of substitution described in a distribution with gamma parameter, G = 1.4763.
Phylogenetic (ML and BI) analyses (Fig. 3) rendered similar topologies. The specimens of Tetrigidae analysed form a monophyletic group (bootstrap and posterior probability = 100 %). Species analysed are monophyletic (bootstrap Ն 97 % and posterior probabilities = 100 %). Intraspecific variability is minimal. Sequences of A. simoni (N = 31) share a single COI haplotype. Paratettix pullus from three different localities of Guam (Mariana Islands) share a single haplotype. Sequences of specimens of T. ceperoi collected over a wide region in central and northern Spain: Ourense, Burgos, Zamora, and Madrid, differ by a maximum of 1.4%. The two species analysed of Paratettix, P. meridionalis and P. pullus, form a clade (bootstrap value 73% and posterior probability 100 %).
Relationships amongst genera and subfamilies are not supported by bootstrap values. First and second positions do not show evidence for saturation (not shown); however, the COI gene might not provide adequate information on the deep levels of the phylogeny as acknowledged for other taxa (Hebert et al., 2003) ; although see Shapiro, Strazanac & Roderick (2006) for a different outcome.
Eight nymphs of the family Tetrigidae from the same locality as adults of A. simoni and Metrodora sp. nov. were also studied. All nymphs show the single COI haplotype found in the adults of A. simoni.
REDESCRIPTION OF ALLOTETTIX SIMONI Adult
Body length: ǩ 9.8-12.3 mm and Ǩ 12.0-13.7 mm. General appearance elongated (Figs 4A, 5A). Coloration variable from reddish to olive brown or pale brown (Fig. 3) . A pair of white or alternatively dark spots is commonly present in the central part of the pronotum and spots can also be present in the femora. In alcohol, colours became paler and brown predominated. Eyes generally brown, although some individuals present duller coloration.
Head
The head of A. peruvianus is hypognathous, slightly opisthognathous (Fig. 4A) . Vertex (vx) perpendicular to the medial plane of the body, narrower than the eye SYSTEMATICS OF ALLOTETTIX SIMONI 57
T. ceperoi Spain: Ourense
Figure 3. Bayesian phylogenetic hypothesis generated using molecular characters (mitochondrial cytochrome c oxidase subunit I sequence data). Basal branching within Tetrigidae is not supported either by posterior probabilities (Bayesian) or bootstrap values (maximum likelihood). Sequences of Metrodorinae (indicated by pink branches) and Tetriginae (green) do not form reciprocally monophyletic groups. Despite morphological similarity, Allotettix is not a close relative of Paratettix. Nymphs from Aragua (Venezuela) share a single haplotype with adults of Allotettix simoni. Specimens photographed correspond to localities indicated in Table 1. or equally wide (Figs 5A, 6A, C); in profile, it does not protrude forward between eyes, it forms an obtuse angle with the frontal costa (fc) ( Figs 4A, 6B) ; transversal anterior carina of the vertex (tac), straight on its central portion, laterally curved on the sides, originating the lateral carinae of vertex (lcv) along the upper interior edge of eyes (Fig. 6C) ; in frontal view, the transversal anterior carina is depressed twice, at both sides of the frontal costa (Fig. 6A) . The medial carina (mc) of the vertex extends posteriorly to slightly more than half the length of vertex (Fig. 6C) . Surface of vertex covered with numerous tuberosities, as well as the frons and genae (Fig. 6A, C) .
In frontal view, the frons is crossed by the frontal costa (fc) starting at the centre of the transversal anterior carina of vertex (tac) and ending at the level of the median ocellus (mo); a little above the level of the lateral ocelli (lo), the frontal costa bifurcates into two carinae, which remain subparallel and define the longitudinal furrow; the longitudinal furrow extends to the level of the median ocellus (Fig. 6A) . The carinae are evenly divergent along their length, this is slightly more noticeable below the level of the insertion of the head with the antennae; maximum width of the furrow slightly narrower than width of the first segment of the antennae (Fig. 6A) ; frontal costa subsinuated between the transversal anterior carina and the median ocellus; at the level of the scape of the antennae, in profile, the frontal costa do not protrude forwards of the distal margin of the pedicel of the antennae, and it is elevated, slightly concave, and curved (Fig. 6B) ; below the median ocellus (mo), the frontal carina (fca) bifurcates at two-thirds of its length into two ridges that define the supraclypear triangle (st) (Fig. 6A) .
Occiput and postgena are not well defined; the external limit corresponds to the occipital suture. The postgenal lobe is practically absent, except for the prolongation of the occipital suture (Fig. 6B) .
Eyes are globular and prominent both in dorsal and lateral views (Fig. 6A, B) . In frontal view, lateral ocelli (lo) are located between eyes, at the level of half the length of the eye, at both sides of frontal costa, in contact with the costa. Median ocellus (mo) is placed between the carinae of the frontal costa; ocellus nearly fills the longitudinal furrow; its inferior part is in contact with the frontal carina (fca) (Fig. 6A) .
Antennae filiform, a little longer than the head, situated between the inferior margins of the eyes ( Figs 6A, C, 7A ). Scape (sc) subtrapezoidal (Fig. 6B) , followed by a smaller globose pedicel (pd) (Fig. 7A ) and a flagellum composed of 12 segments (Fig. 7B) ; each of the segments of the flagellum are cylindrical, and three to four times as long as wide; the longest are the central ones; the last one is secondarily subdivided into three. The surface of the antennae is rugose as a result of mound-like protuberances (Fig. 7C) ; other structures with a presumably sensorial function are present in the ventral and lateral surface of the terminal five segments of the flagellum, which include placoid sensillae (Fig. 7D) , coeloconic sensillae, and some isolated hairs and small tuberosities; density of sensorial structures increasing towards the tip of the flagellum; area with placoid sensillae smooth instead of rugose (Fig. 7B) . Clypeus subrectangular, subdivided into anteclypeus and postclypeus; anteclypeus covered by numerous tubers of two different sizes; by contrast, postclypeus smooth and distally membranous; lateral margin of the clypeus subparallel to the frontal costa (Fig. 6A) . The labrum (lb) is a slightly asymmetrical broad flat lobe, divided into two parts by a transversal furrow; several short furrows cover the central area of the labrum in several directions (Fig. 6A, B) ; the surface of the labrum is completely covered by very small pores.
Mandibles asymmetrical, pyramidal, with a triangular base (Fig. 8A) ; incisor region of the right mandible constituted by five teeth; incisor region (ir) of the left mandible formed by six teeth; teeth sharp and pointed except the basal tooth of the right mandible, which is rounded; basal teeth of each mandible smaller; molar region (mr) oval, with convex surface, crossed by around 20 transversal ridges in parallel disposition, ridges broader in the right mandible; molar region with a tuft of hair and scattered single hairs, which are longer and closer toward the base; surface of the incisor region smooth; surface of the external proximal area of mandibles depressed, containing pores, little tuberosities, and short hairs (Fig. 8A) . . Environmental scanning electron micrographs of the adult head of Allotettix simoni (Aragua, Venezuela). A, frontal view; B, lateral view; C, dorsal view. Abbreviations: fc, frontal costa; fca, frontal carina; lb, labrum; lcv, lateral carinae of vertex; lo, lateral ocelli; mc, medial carina; mo, medial ocellus; sc, scape of the antennae; st, supraclypear triangle; tac, transversal anterior carinae; vx, vertex. Scale bar = 1 mm.
Cardo (cd) of the maxillae triangular, divided by two perpendicular weak ridges (Fig. 8B) ; the upper part of the external area contains some long simple hairs. Stipes (sp) subrectangular, crossed by a longitudinal ridge, dividing it into an external and an internal area; internal area smaller, concave and rough, as a result of the existence of mound-like protuberances; the longitudinal ridge, together with two other ridges, the transversal and the lateral, define the subrectangular prelacinia; the stipes, closed to the insertion with palpi, presents a deep orifice; surface of the stipes mostly smooth, with some very little pronounced and short ridges, pores, and isolated hairs. Lacinia (la) conical, slightly depressed; apex with four pointed teeth; anterior tooth with the apex distinctly pointed and smaller than the others; external area of the posterior surface of the lacinia with a row of isolated hairs; internal area of the posterior surface of the lacinia shows several parallel rows, although the length of the hairs and the distance between them is shorter than in the external area; the posterior surface of the lacinia contains a pair of pores located in the proximal external corner near a flat oval area. Galea (gl) sickle-shaped, with a rounded tip; its external surface is generally smooth and contains some isolated small pores; internal surface flat, with two rows of hairs in the laterals and some other hairs shorter towards the tip. Palpus (plp) composed of five segments (Fig. 8B) ; first and second segments squat; third, fourth, and fifth segments cylindrical and longer; apex of last segment cupuliform, very rich in sensilla, rounded by several concentric rows of hairs, similar to the distal apex of the galea; rest of the surface of the palpi with pores and solitary hairs scattered, mostly in the external surface; mound-shape sensilla in the external lateral walls of palpi.
Prementum (pmt), mentum (mt), and submentum (smt) of the labium separated by well-defined subparallel transversal ridges; surface of labium with some isolated pores (Fig. 8C) . Submentum subtrapezoidal, with posterior angles protruding like a horseshoe; the centre contains two oval smooth areas; lateral margin with some long hairs. Mentum subrectangular, with a small concave area in each side (Fig. 8C) . Prementum subovate, slightly shorter than the postmentum; anterior margin depressed in the centre; surface smooth, with isolated hairs and pores; troncoconical palpigers (Fig. 8C) . Palpi (plp) constituted by three segments; first segment as wide as long and second segment about one and a half times the length of the first, both with isolated hairs; third segment longer, claviform; apex of the third segment rich in sensilla, surrounded by several rows of long hairs; mound-shape sensilla in the external lateral walls of palpi. Paraglossae (pg) elongated, rounded, distally convergent, bordering a triangular area where the glossae are included (Fig. 8C) ; its surface presents scattered pores and hairs; apex contains a sensorial area bordered by several rows of hairs. Glossae pointed, conical (Fig. 8C ). Thorax Pronotum (ǩ 9.3-11.2 mm and Ǩ 11.1-12.4 mm) extending behind the abdomen, reaching the femoral apices or surpassing them ( Figs 4A, 5A) ; dorsum somewhat flattened, anteriorly truncate (Figs 4A, 9A); apical process tapering and slightly raised at the apex, which is rounded ( Figs 4A, 9C) ; humeral angles obtuse; at the level of the humeral angles, pronotum width approximately one-third to one-fifth of its length; in dorsal view, surface of the pronotum granulated and covered by numerous tubercles of different sizes, as previously described for the frons and vertex ( Figs 9A, 10A) .
In lateral view, median carina of the pronotum (mcp) a little elevated, more depressed at the level of anterior half of the anterior carinae, with a little protuberance in the anterior end (Fig. 9A) . Anterior carinae (acp) slightly convergent and subparallel to the median carina; they are located in an elevated area of the pronotum, whose posterior limit is marked by the anterior transversal furrows (tf) (Fig. 9A) . In lateral view, there is a second transversal furrow (tf) parallel and posterior to the first; between both anterior and posterior furrows, at the level of the median carina, the pronotum presents a rounded elevation; third transversal furrow and dorsal carinae absent. Inferior carinae weak, parallel to anterior carinae. The humeral carinae (hc) form a right angle with the posterior transversal furrows, and do not reach these furrows. Ventral carinae parallel to lateral carinae, which form acute angles with the humeral carinae.
Ventral carinae, together with humeral carinae, limit the scapular areas; scapular areas have similar ornamentation to the rest of the pronotum, although the distribution is different: there are groups of sensorial structures of small tubercles, whereas other parts are smooth (Fig. 9B) ; several larger tubercles are dispersed, congregated, or even aligned giving the aspect of a carina. In fact, some carinae, such as the anterior carinae, are composed of a succession of aligned tubercles. Numerous unevenly distributed pores are present in the scapular areas. The ornamentation is less dense posteriorly. Margins of the scapular areas straight, subparallel.
In lateral view, the pronotum shows two broad lateral lobes, which form two marked right angles between them and between the superior lobe and the scapular area (Fig. 10A) ; upper lobe asymmetrical with respect to its bisectrix, presenting a shorter upper margin; lower margin of the superior lobe nearly parallel to the median carina; lower lobe larger, subtriangular, nearly symmetrical with respect to its bisectrix and turned downwards (Fig. 10A) .
Wings and elytra well developed; wings end close to the caudal projection of the pronotum: when closed, wings are covered by the projection; external margin of the wing scalloped; elytra punctuate, oval in lateral view; length of elytra 1.5-2.0 mm, about three times its width.
The pronotum covers all the segments of the thorax in dorsal view. In lateral view, part of the mesothorax and metathorax are visible (Fig. 4A) and covered by tubercles similar to those of the pronotum; this area is heavily sclerotized; thus, membranes between segments are indistinguishable. Thoracic spiracles represented by two pairs of small gaps, rounded by sclerotized structures. In ventral view, thorax presents small tubercles and isolated hairs. A, mandibles; B, left maxilla; C, ventral view of labium. Abbreviations: cd, cardo; gl, galea; ir, incisor region of mandible; la, lacinia; mr, molar region of mandible; mt, mentum; pg, paraglossae; plp, palpus; pmt, prementum; smt, submentum; sp, stipes. Scale bars = 500 mm. Anterior and middle femora compressed; anterior femora less compressed, presenting a single carina in the centre of its external side; middle femora with two parallel carinae along its external side; both upper and lower margins of anterior and middle femora slightly undulate, containing a row of small and pointed spines that give the margins the aspect of carinae; anterior and middle femora are little more than four times as long as wide; their surfaces are covered by multiple tubercles, and close to the inferior margin there are some isolated hairs. Length of hind femora: ǩ 5.0-5.7 mm and Ǩ 5.6-6.7 mm. Hind femora robust, three times as long as wide; upper and lower carinae covered by a row of pointed tubercles; upper and lower internal carinules present tubercles too, although they are less pointed; tubercles are present in all surfaces, as described for head and thorax; pregenicular and genicular teeth rightangular, pointed; genicular lobes round, the upper one dorsally dentate (Fig. 10B ).
Anterior and middle tibiae distally show a pair of spines in each side of the front face; both anterior and middle tibia sometimes present smaller spines, usually in the distal area. Some hairs present in tibiae. Hind tibiae with the apical third distinctly broader; distally, each tibia exhibits four calcars: two in the rear face, one in the outer face, and one in the inner face; internal apical spine present; there are three to four internal spines in each margin of the rear face; both margins of the rear face dentate as a result of the presence of a row of smaller spines (Fig. 10C) .
The tarsal formula is 2-2-3 (Fig. 10C) . First segment of the anterior and middle tarsi four times shorter than the second segment; anterior and middle tarsus with scattered hairs. Hind tarsus consisting of three segments: first and third segments of subequal length; the length of the second segment is half of the length of the first segment; first segment with three pulvilli; first and second pulvilli triangular, pointed figure. and smaller than the third; third pulvilli acute, nearly as long as the first and the second together (Fig. 10C) . Post-tarsum with two claws. Arolium absent (Fig. 10D) . Abdomen Dorsally, abdomen completely covered by the pronotum; surface with tubercles as for the head and thorax; sternites show isolated hairs in their surface (Fig. 11A) ; abdominal spiracles situated in the middle of the ventral part of each tergum, slightly closer to their anterior limit (Fig. 11A, B) ; spiracles of the first abdominal segment are the largest. Cerci conical and pointed (Fig. 11C) ; anterior half flat, presenting some big pores surrounded by an elevated ring; most of the pores present isolated long setae (Fig. 11D) , which give cerci the aspect of a tuft (Fig. 11C) . Posterior half rough, with a similar aspect to the proximal segments of the pedicel of the antennae.
Female: Subgenital plate as long as wide in lateral view (Fig. 11E) ; centre of the posterior margin of the subgenital plate contains a process, the egg-guide, which is small and triangular. Epiproct subtriangular; its centre contains a row of hairs, which are more separated towards its posterior margin; dorsal surface covered by small tubercles. Paraproct also triangular (Fig. 11F ). Dorsal and ventral ovipositor valves sub- Figure 11 . Environmental scanning electron micrographs of abdominal details of Allotettix simoni adult (Aragua, Venezuela). A, ventral view of terminal portion of abdomen; B, detail of spiracle; C, female cerci; D, detailed view of pores on the female cerci; E, lateral view of female terminalia; F, dorsal view of female paraproct and dorsal ovipositor valves; G, lateral view of male terminalia; H, dorsal view of male subgenital plate and cerci. Scale bars as indicated in figure. equal; their apex is hook-like and directed outwards (Fig. 11E) ; both valves present two rows of eight to 12 pointed teeth, which give them a serrated aspect (Fig. 11F) ; length of dorsal valves about three times their width, with teeth along their ventral margins; teeth of ventral valves are placed along their dorsal margins (Fig. 11E) ; number of teeth variable amongst specimens, valves of the same individual and even amongst rows of the same valve; generally, distal teeth of the interior row in the dorsal valves are smaller; each tooth is accompanied by a thick hair (Fig. 11F) ; these hairs appear isolated on the lateral surface of the valves, which also contains several pores.
Male: Subgenital plate elongated, pointed, and subconical upwardly, with the apex truncate (Fig. 11G,  H) . The sclerite of the aedeagus is formed by narrow, thin lateral plates with anterior ends joining to form a small angulate median process covered with denticles. The surface of the pallium is strengthened with two longitudinal sclerotized valves; its outer lateral margins tightly adjoin the margins of the subgenital plate; a pair of longitudinal rods with apical hooks is present between the valves of the pallium.
Last nymphal instar
Body length: 6.2-7.8 mm. Coloration similar to that of the adult (Fig. 3) . Head similar to that of the adult ( Figs 4B, 5B, 12A, D) . Flagellum of the antennae composed of 11 segments of variable length (Fig. 12B) ; basal segments short, quadrangular or subrectangular, in some cases as long as wide, or even wider; central and apical segments longer, three or four times as long as their width, or even more; the longest is the seventh, followed by the apical segment, which is subdivided into three (Fig. 12B) ; sensorial area in the last five segments, as in the adult. Transversal furrow of the labrum less noticeable than in the adult (Fig. 12A) . Molar region of the mandibles less developed than adult, with two or three transversal ridges fewer (Fig. 12C) . Maxillae more angular; longitudinal ridge of the stipes less marked; internal and external area of stipes similar in aspect; internal area plain and smooth, without mound-like protuberances; prelacinia subtriangular; orifice of the stipes absent. Oval areas of the submentum of the labium are less evident than in the adult.
Pronotum shorter than in the adult (length: 5.4-6.7 mm), extending behind the abdomen but not reaching the femoral apices; dorsum appearing laterally compressed because of the elevated median carina (Figs 3,4B , 5B, 12D); apex more pointed than in adult and not raised; area where both anterior carinae are located not elevated with respect to the rest of the pronotum. Humeral carinae nearly reaching or in direct contact with the posterior transversal furrows; lateral carinae shorter, extending from the apex of the pronotum to half of the length of the ventral carinae. Scapular areas broader than in the adult; both inferior and superior margins curved outwards, increasing the scapular surface and forming an obtuse angle above and a right angle below. In lateral view, pronotum with a single broad lateral lobe, triangular, turned downwards; lateral margins of the lobe subequal in length; lobe symmetrical with respect to the bisectrix of the angle of the apex; apex of the lobe round; the lobe and the ventral carina leave a gap similar to the lobe in size and shape (Fig. 12D) .
Elytra not visible. Wings little developed, suboval, covering the lateral surface of the first five abdominal segments; margins of the wings straight, not scalloped; granuli present in all the surface of the wings (Fig. 12E) .
Anterior and middle femora crossed by two parallel carinae each; these femora nearly four times as long as wide (Fig. 12F) . Length of hind femora: 4.0-5.0 mm. Pregenicular teeth of the hind femora absent; antegenicular teeth present, although less prominent than in adult femora.
Differences between the abdomen of the nymph and the adult are marked in the development of genital structures. Posterior half of the cerci elongated, longer than the anterior part, with hyaline aspect (Fig. 12G) . Female: subgenital plate smaller, slightly less developed; paraprocts smaller than in adult; ventral valves of ovipositor slightly shorter than dorsal valves; apices of valves hook-like, curved and outwards, although less distinctively than adult valves; generally, lower number of teeth in dorsal and ventral valves (Fig. 12H) . Male genitalia do not present either the sclerotized valves of the aedeago or the pair of longitudinal rods with apical hooks between the valves of the pallium.
DISCUSSION
The examination of the types of A. peruvianus and A. simoni allow us to conclude that the synonymy established by Roberts (1937) is not correct. He affirmed that 'though I have not seen the type, I cannot find any satisfactory character to separate P. simoni from A. peruvianus from the descriptions of the species'. Our study has revealed several anatomical features that separate these species, principally relating to the dimensions and shape of the pronotum, the degree of undulation of the margins of the middle femora, and the degree of sharpness of the genicular and antegenicular teeth of the hind femora. These characters have commonly been used to discriminate between species of tetrigids and the differentiation between A. peruvianus and A. simoni is similar to that SYSTEMATICS OF ALLOTETTIX SIMONI 65 found across species of the genus Allotettix (Hancock, 1899; Bruner, 1910; Günther, 1939) . Separation of both species is in concurrence with the criterion of their descriptor (Bolívar, 1887 (Bolívar, , 1890 , who described 29 species of Neotropical tetrigids, most of whom are presently valid (París, 1993) . Likewise Bruner (1910) included them separately in his key of South American tetrigids. Although the taxonomy of the family Tetrigidae is confused, we should not forget the criteria of specialists such as Bolívar, who laboured hard to bring order to this often recalcitrant material (Blackith, 1992) . Roberts (1937) considered that the presence of A. peruvianus and A. simoni in the Andean region constituted evidence for establishing the synonymy. Nevertheless, the type localities of A. peruvianus and A. simoni are far apart and located in markedly different environments. The type locality of A. peruvianus, as appears in the labels, is 'Pumamarca, Peru'. We think that the name of the locality corresponds to 'Puma-Marca' (Ollantaytambo; Peruvian Andes). The locality of A. simoni is 'Colonia Tovar' (Aragua; cloud forest of Venezuelan Coastal Range). Some faunal groups of the Venezuelan Coastal Range diverged from that of the Central Andes during the early Miocene because of the isolation resulting from the change of position of the mouth of the Orinoco River (Manzanilla, La Marca & García-París, 2009 ). Therefore, the biogeographical argument presented by Roberts (1937) cannot be sustained.
Hancock (1899) described Allotettix to include some species originally described as Paratettix whose morphology corresponded better with that of the subfamily Metrodorinae than with that of the subfamily Tetriginae. One of these species was Bolívar's A. peruvianus. However, P. simoni continued integrated in the genus Paratettix until it was placed in synonymy with A. peruvianus. As we have revalidated the species, we considered it necessary to revise its generic adscription. Our morphological study of the types of P. simoni revealed that it is a member of the genus Allotettix. The only consistent diagnostic character to differentiate the genus Allotettix from the genus Paratettix is the relative length of the first and third segment of the hind tarsus, which are of similar length in Allotettix (Hancock, 1899; Bruner, 1910; Günther, 1939) . This trait is also the main character used to distinguish between members of Metrodorinae and Tetriginae (Bolívar, 1887; Hancock, 1899) . In Tetriginae, the first and third segments of the hind tarsus are of evidently different lengths (Bolívar, 1887; Hancock, 1907; Bruner, 1910) .
The descriptions of the nine species members included in Allotettix are brief and imprecise; hence it is not easy to distinguish amongst them. Bruner's (1910) key is incomplete because it does not include all the species. Allotettix simoni can be distinguished from all other species of Allotettix as follows: Allotettix fuscipennis Bruner, 1910 is separated for presenting the rami of the frontal costa widely divergent and distally expanded segments of maxillary palpi. Allotettix americanus Hancock, 1907 is distinguished by having the vertex narrower than the width of an eye and the wings not completely covered by the pronotum (Bruner, 1910) . Allotettix prolongatus Hancock, 1899 exhibits straight margins of the middle femora, and a pronotum much longer and with more rounded pronotum lobes than in A. simoni. The species fenetically closer to A. simoni are Allotettix cayennensis (Bolívar, 1887) , Allotettix chapadensis Bruner, 1910, and Allotettix otumboides Günther 1939 . Allotettix chapadensis differs by presenting middle femora with foliaceus margins. Allotettix otumboides exhibits a depressed pronotum and the upper border of the hind femora presents a tooth in an anterior position with respect to the antegenicular tooth. Allotettix cayennensis has the lobes of the pronotum strongly produced outwards and is smaller and slimmer. The original descriptions do not always provide objective criteria to distinguish species, because in many cases they do not define the range in which the characters are typical of a species. Some authors have questioned the identification of the specimens of species of Allotettix on which the current geographical distribution of the species is based (Buzzetti & Devriese, 2007) . In addition, several synonymies and separations of species of Allotettix have been carried out from the descriptions (Hancock, 1899; Roberts, 1937; Günther, 1939) .
The extraordinary similitude and the absence of discriminatory characters between the genera Allotettix and Paratettix -except the one mentioned before -justifies the elaboration of a molecular study to confirm their differentiation. Our work included one species of Allotettix (A. simoni) and two geographically separated species of Paratettix (Guam in the Central Pacific Ocean and Iberian Peninsula in Occidental Mediterranean Basin). Hancock's (1899) hypothesis would require that Paratettix and Allotettix were included in unrelated, independent clades, as the two genera would be members of different subfamilies. Otherwise, the samples of A. simoni would form a monophyletic group with the species of Paratettix. In the phylogenetic trees obtained (Fig. 3) , the samples of Paratettix are part of a well-supported clade. That clade does not contain the samples of A. peruvianus, which form an independent clade. This result supports that Paratettix and Allotettix are probably not close relatives and represent independent genera. The hypothesis of Hancock (1899) is apparently correct.
Anatomical traits, such as male genitalia and sensorial structures of the antenna, have been proposed as useful characters to separate subfamilies of Tetrigidae (Bland, 1991; Podgornaya, 2002 Podgornaya, , 2003 . Our work provides the first description of the internal male genitalia and the antennal sensorial structures of members of the subfamily Metrodorinae. The internal male genitalia of A. simoni and Metrodora sp. nov. (P. Pavón pers. observ.) are identical to those found in species of the subfamily Tetriginae (Walker, 1922; Widdows & Wick, 1959; Nadig, 1991; Podgornaya, 2003) . The antenna of A. simoni presents placoid sensilla as in the species of Tetriginae, in contrast with species of other subfamilies, which do not exhibit them (Bland, 1991) . Therefore, neither the genitalia nor the sensorial structures of the antenna contribute to the differentiation between Metrodorinae and Tetriginae. The only character that consistently distinguishes the subfamilies Tetriginae and Metrodorinae is the relative length of the first and third segment of the hind tarsus (Bolívar, 1887; Hancock, 1899 ; but see Deng et al., 2009 for an exception). However, having the first and third segments of the hind tarsus of subequal lengths is not unique for the species of the subfamily Metrodorinae. For example, SYSTEMATICS OF ALLOTETTIX SIMONI 67 species of the genus Eleleus Bolívar 1887, of the subfamily Cladonotinae, present this anatomical feature. Size of the segments of the hind tarsus of Tetrigidae seems to be an evolutionarily unconstrained trait, able to evolve independently in apparently unrelated taxa. Morphological similarity, and absence of hard synapomorphies defining either Metrodorinae or Tetriginae, poses the problem of the necessity of recognition of these groups. Our molecular hypothesis does not support monophyly of either Metrodorinae (represented by Metrodora and Allotettix) or Tetriginae (represented by Paratettix, Depressotetrix, and Tetrix), but our purpose was not to analyse phylogenetic relationships within Tetrigidae. The lack of representatives of other subfamilies and a more complete DNA data set precludes further interpretation.
Methods based on the analysis of mitochondrial DNA have been proposed by some authors to establish a correspondence between larvae (or juveniles) and imagos (Avise, 1994; Hebert et al., 2003) . In the case of Tetrigidae, the specific assignation of nymphs is problematic. Nymphs, which are found commonly in the same place and often in greater densities than adults, do not present the species' diagnostic characters indicated for adults. Specific keys for nymphs do not exist and most of the original descriptions only illustrate adults (Bolívar, 1887; Devriese, 1996) . Last instar nymphs collected in microsyntopy with adults of Allotettix and Metrodora were morphologically closer to Allotettix, but further morphological identification at the species level was not possible. The use of molecular data (a fragment of 637 bp of the mitochondrial gene COI) allows an objective species identification in our case, as nymphs presented the same COI haplotype as adults of A. simoni, and we have shown that intraspecific variability in geographically distant representatives of a single species (T. ceperoi) ranged up to 1.4% of COI haplotypic divergence.
Allotettix simoni is so far endemic to Venezuela, whereas, according to the available data, A. peruvianus should be excluded from the Venezuelan fauna. At present, another five species of Terigidae are known from Venezuela (Bolívar, 1887 (Bolívar, , 1890 Roberts, 1937; Otte, 1997; Eades & Otte, 2010) : Eomorphopus antennatus (Bolívar, 1887) , Metrodora lutosa Bolívar 1887, Metrodora pygmaea Roberts 1937 , Micronotus caudatus (Saussure, 1861 , and Paratettix antennatus Hebard, 1923 . Steinmann (1969 indicated the existence of another eight species but did not provided information on geographical location or the origin of the data. The available information about Tetrigidae in adjacent countries suggests that the Venezuelan fauna of Tetrigidae is insufficiently studied. Although its surface is four times smaller than that of Venezuela, Ecuador contains 36 species (Buzzetti & Devriese, 2007) , and 50 species are present in Brazil (Lieberman, 1955) . We found a specimen of an unknown species of the genus Metrodora in the small sample studied. Description of this new species is pending the examination of additional material. A lack of adequate information and the presence of undescribed species are indicative of the existence of a larger diversity of Tetrigidae in Venezuela. Preservation of this still unknown diversity of Tetrigidae in areas suffering rapid changes, such as the Coastal Range of northern Venezuela (Ataroff, 2001; M.A.R.N., 2001; Manzanilla & Recuero, 2002; Muñoz, Castillo & Salas, 2006) , requires an effective joint effort by both government and taxonomists.
